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SECTION  I 
INTRODUCTION 


'hree  specific  benefit#  in  achieving  low  engine  noise  levels  are 
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They  arc: 
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1.  The  cycle  permits  the  simple  annl  < '--•.t.'.on  of  noise 
suppression  devices. 

2.  The  .urbotan  engine  noise  spectrum  has  the  greatest  sound 
pressure  level  at  a  higher  frequency  than  does  the  turbojet 
engine  and  thus  the  noise  from  the  turbofan  engine  attenuates 
more  rapidly  with  distance. 

3.  The  turbofan  engine  cycle  provides  operational  verse-  •  i  i  „/  ®" 
chat  noise  generation  by  the  exhaust  gases  can  be  reduced  by 
adjustment  of  flow  and  velocity  in  the  primary  stream  and  in 
the  fan  duct  stress  . 


These  benefits  of  the  turbofan  engine  cycle,  when  compared  to  the 
predicted  unsuppressed  noise  from  the  engine,  permit  j  variety  of  tech¬ 
niques  for  noise  suppression  to  be  supplied.  These  techniques,  which 
are  discussed  in  detail  in  this  report,  and  their  respective  noise 
benefits  arc: 


Airport  noise: 

a. 

Ejector  effect 

4  PNdb  ( jet_  noise) _ 

_b. 

Ejector  acouatical  lin-rs 

2  ! 

’Ndb  (jet  noise) 

c. 

Noise  suppressors 

4  PNdb  (jet  noise) 

Approach  noise: 

a. 

Resonant  acoustical  liners 

15 

db  (OASPL;  fan  noise) 

b. 

Blade/vane  matching 

6 

ab  (OASPL;  fan  noise) 

c . 

Blade/vane  spacing 

4 

db  (OASPL;  fan  noise) 

d. 

Ejector  acoustical  liners 

2 

db  (OASPL;  fan  noise) 

e . 

Ejector  effect 

3 

PNdb  (Jet  noise) 

f . 

Noise  suppressors 

3 

PNdb  (Jcc  noise) 

8> 

Ejector  acoustical  liners 

2 

PNdb  (Jet  noise) 

Comunity  noise: 

a. 

Raaooanc  acouatical  ilnera 

13 

db  (OASPL;  fan  noise) 

b. 

Blade/vane  matching 

6 

db  (OASPL;  fan  noise) 

c. 

Blade/vane  apsclng 

4 

db  (OASPL;  fan  nclse; 

d. 

Ejector  acouatical  liners 

2 

db  (OASPL;  fan  noise) 

• . 

Ejector  effect 

3 

PNdb  (jet  noise) 

f. 

Noise  suppressors 

3 

PNdb  (jet  noise) 

*• 

Ejector  acouatical  liners 

2 

PNdb  (Jet  noise) 

h. 

Hatching  affacta 

5 

PNdb  (total  engine  noise) 
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On  the  baais  of  analysis  and  "‘#a«uremfr.t s , 
fallowing  FAA  noise  objSLiive*  can  be  obtained: 

1.  1500  feet  from  Centerline  of  runway 

2.  3  atatuta  ailea  from  start  of  takeoff  roll 

3.  1  statute  mile  from  runway  <-»n  approach 

A  a  usury  of  current  and  potential  JTF17  noise  suppre  lor,  for  each 
ox  the  abova  conditions  la  presented  lr.  figures  i  through  3.  ti*va«ppr*sssd 
noise  calua*  have  been  eatabliahed  using  the  methods  defined  at  the  begin¬ 
ning  oi  the  following  section.  Section  II  (Cycle  Noiee).*  Engine  oodei 
specif Ication  values  of  fen  and  exhaust  noise  suppression  have  been 
applied  to  define  the  curves  labeled  "current  suppression." 

Noise  lavala  chat  will  be  achieved  through  the  application  of  suppres¬ 
sion  devices  developed  during  Phase  III  are  shown  as  potential  suppression 
on  each  curve.  The  aha.  'd  areas  represent  the  Increase  in  effectiveness 
of  suppression  devices  that  will  be  developed  during  this  period. 


116  Ph'db 
105  PNdb 
io«  -nc 


In  Section  II  (Cycle  Noise),  predicted  unauppreased  single  engine 
Mvi«C  Icvr’*  sr_  »r#  followed  bv  a  de*,-rlnMon  of  th» 

proposed  noise  development  program.  Section  III  (Suppression  Devices), 
gives  a  summary  of  available  suppression  methods  and  estimates  effect 
of  each  method  when  applied  to  tne  engine,  unless  otherwise  indicated, 
suppression  devices  are  identical  for  prototype  and  production  engine 
designa.  Section  III  concludes  with  a  description  of  the  Phase  III  Sup¬ 
pressor  Development  Program. 


INSTALLED  THRUST  -  lb  (Thousand) 


Figure  1.  Predicted  Turbofan  Airport  Noise  FD  16948 

Levels  Cl 

*Standard  SA£  procedures  (AIR  876)  require  adjustmenta  for  tht  number  of 
engines  In  determining  airctaft  noise  level*.  The  sound  produced  by  four 
engines  is  used  for  all  flight  conditions,  and  that  produced  by  tuo  engines 
1c  considered  during  operation  on  the  ground.  Octave  band  sound  pressure 
levels  are  presented  for  a  single  engine,  since  this  distribution  la  pre¬ 
dicted  to  be  equal  for  each  engine  at  a  c canon  thrust  level. 
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Figure  2.  Predicted  Turbofan  Noise  Levels 
Typical  of  Flight  Profiles  at 
Thrust  Cutback  After  Takeoff 
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Figure  3.  Predicted  Turbofan  Noise  Levels 
Typical  of  Flight  Profile  at 
Approach  Conditions 
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SECTION  II 
CYCLE  NOISE 

A.  PREDICTED  ENGINE  NOISE  LEVELS 

P&WA’s  experience  in  noise  measurement  and  control  has  shown  that  the 
noise  produced  by  the  turbine  is  not  perceptible  in  the  presence  of  the 
other  noise  sources  in  the  engine  and  for  this  reason  is  not  significant 
in  this  evaluation  of  JTF17  engine  noise.  Therefore,  this  small  noise 
source  is  not  discussed  in  this  section  of  the  proposal.  The  significant 
noise  sources  in  the  turbofan  engine  are  the  primary  exhaust  gas  stream, 
the  fan  duct  exhaust  gas  stream,  and  the  fan.  These  sources  and  the  con¬ 
trol  of  these  sources  will  be  discussed  in  detail  in  this  volume. 

It  should  also  be  noted  that  methods  for  control  of  the  noise  emitted 
from  the  front  of  Che  engine  are  not  discussed  as  a  ncise  development 
program  of  the  engine  manufacturer  in  this  proposal.  P&WA  believes  con¬ 
trol  of  this  noise  can  be  readily  accomplished  by  appropriate  treatment 
of  the  inlet  and  the  associated  ductwork.  Continuous  support  of  the  air¬ 
frame  manufacture's  inlet  noise  control  development  program  will  be  pro¬ 
vided  by  P&WA  during  the  engine  test  and  noise  programs.  Inlet  noise 
control  methods  will  be  evaluated  during  Phase  III  in  engine  tests  with 
the  inlet  installed.  Engine  noise  levels  transmitted  forward  to  the 
inlet  and  reduction  in  these  noise  levels  by  noise  control  features 
incorporated  in  the  engine  design  will  be  provided  to  the  airframe  manu¬ 
facturer  to  assist  the  implementation  of  the  airframe  manufacturer's 
inlet  noise  control  program. 

1.  Prediction  Procedure 

The  noise  predictions  discussed  in  the  following  paragraphs  are  based 
upon  current  SAE-approved  methods  supplemented  by  techniques  developed  by 
P&WA.  These  methods  ate  applicable  to  an  engine  that  incorporates  no 
features  specifically  designed  to  minimize  noise. 

Exhaust  noise  was  estimated  using  engine  performance  parameters  cal¬ 
culated  by  the  P&WA  engine  specification  computer  programs  in  the  predic¬ 
tion  method  defined  by  SAE  Document  AIR  876.  The  resultant  octave  band 
sound  pressure  levels  were  then  added  to  predicted  fan  sound  pressure 
levels  calculated  by  the  system  described  in  Item  9  of  the  P&WA  Phase  II-A 
Final  Report.  Values  for  preceived  noise  were  then  obtained  using  the. 
method  of  SAE  Document  ARP  865.  Required  adjustments  fer  distance  from 
the  sound  source  were  performed  in  accordance  with  SAE  Document  AIR  876. 

2.  Airport  Approach  Conditions 

Engine  net  thrust  one  mile  from  touchdown  during  airport  approach 
will  be  in  the  approximate  range  of  9,000  to  18,000  lb.  For  this  net 
thrust  range,  the  relationship  between  the  individual  noise  sources  and 
the  magnitude  of  the  respective  contributions  to  total  engine  noise  is 
presented  in  figure  1. 

The  unattenuated  fan  is  the  predominant  noise  source  throughout  the 
thrust  range  illustrated.  By  means  of  suppression  devices  described  in 
Section  III,  however,  noise  from  this  source  can  be  attenuated  to  the 
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level  produced  by  the  exhaust  gases  or  possibly  even  lower.  The  verc'. 

tility  of  the  turbofan  cycle  also  provides  an  opportunity  for  fv.-  '.iier 

reductions  in  fan  and  exhaust  gas  noise  through  the  operational  techniques 

described  in  Section  III.  I 

Octave  band  sound  pressure  levels  at  a  representative  approach  thrust 
condition  of  12,000  pounds  of  net  thrust  are  presented  in  figure  2. 
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Figure  1.  Predicted  Turbofan  Noise  Levels  FD  16750 

Typical  of  Flight  Profile  at  CU 

Airport  Approach 


Figure  2.  Predicted  Sound  Pressure  Levels  FD  16751 

Typical  of  Flight  Profile  at  CII 

Airport  Approach 
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3.  Community*  Noise 

Power  after  takeoff  is  shown  in  figure  3  for  the  range  of  15,000  to 

27,000  lb  net  thrust.  Because  of  a  substantial  increase  in  altitude  over 
that  of  airport  approach,  total  noise  is  expected  to  be  considerably 
reduced  with  resoect  tn  on  observer  on.  the  ground  overs  though  net  thrust 
is  higher.  The  predicted  values  are  given  in  figure  3. 


i'  THRUST  -  lb  (Thousand) 


Figure  3.  Predicted  Turbofan  Noise  Levels  PD  16752 

_ Typical  of  Flight  Profile  at _  Cl I 

Thrust  Cutback  after  Takeoff 


At  the  lower  level  of  the  thrust  range  that  may  be  expected  at  flight 
conditions  under  which  community  noise  will  be  evaluated,  the  relation¬ 
ship  between  the  three  individual  uoise  sources  is  similar  to  that  pre¬ 
viously  shown  during  airport  approach.  As  net  thrust  continues  to  in¬ 
crease,  however,  several  important  characteristics  nay  le  observed: 

1.  The  slope  of  the  fan  noise  curve  is  small  and  thus  produces  an 
almost  negligible  increase  iu  noise  as  uet  thrust  Is  Increased. 

2.  Duct  exhaust  noise  does  not  contribute  significantly  t  •  total 
noise  and  exhibits  an  almost  negligible  increase  as  net  thrust 
is  increased. 

3.  Noise  from  the  priiary  stream  Increases  considerably  and  is  the 
primal y  cause  for  a  significant  increase  in  total  noise  as  net 
thrust  is  increased. 

Under  thes:;  conditions,  the  operational  flexibility  of  the  engine 
provides  a  significant  advantage  as  described  ir  Section  III.  A  pre¬ 
dicted  octave  band  distribution  of  engine  ocise  representative  cf  the 
community  thiuat  range  is  provided  in  figure  4. 
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OCTAVE  BAND 


Plgure  4.  Predicted  Sound  Pressure  Level  PD  16753 

Typical  of  Plight  st  Cutback  CII 

after  Takeoff 


4.  Airport  Noise 

For  the  range  of  engine  net  thr  c  to  be  used  during  takeoff,  exhaust 
noise  will  be  greater  than  fan-gent  r  if  ed  noise,  as  shown  in  figure  5.  At 
high  values  of  nonaugmented  thrust,  ex lauat  noise  from  the  primary  stream 
is  expected  to  be  predominant.  In  the  augmented  thrust  range,  exhaust 
noise  from  the  fan  duct  stream  will  »"«<<  — ^hrrriri  nr 

courses .  Effective  exhaust  noise  suppression  can  be  obtained  throughout 
this  thrust  range  with  conventif  nal  suppressors  and  the  suppression  effect 
of  the  reverser-suppressor.  A  representative  octave  band  distribution 
for  this  thrust  range  is  shown  in  figure  6. 

B.  PROPOSED  NOISE  DEVELOPMENT  PROGRAM 

l.  Introduction 

P6WA  experience  in  analyzing  the  fan  noise  generation  process  extends 
through  the  past  decade.  A  paper  presenting  the  results  of  these  studies 
received  the  Manly  .jeaorial  Award  in  1961.  U.  S.  Patent  No.  3,194,487 
wee  awarded  to  P&UA  in  1963  for  methods  of  applying  these  results  to  reduce 
fun  noise.  The  extensions  to  this  work  that  will  continue  through  Phase 
III  of  the  S37  engine  development  program  are  discuased  In  this  section. 
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Hundreds  of  full-scale  and  anecholc  chamber  model  rests  of  various 
nozzle  and  ejector  configurations  have  also  been  conducted  by  P6WA  over 
the  past  few  years.  Although  designs  were  found  that  provided  useful 
amount*  of  exhause  noise  attenuation,  two  major  shortcomings  existed: 

a.  Performance  degradation  of  undesirable  magnitudes.  This 

has  basn  corroborated  by  published  NACA  test  data  {figurt  7). 

b.  A  lack  of  understanding  of  the  physical  processes  actually 
providing  the  attenuation. 


INSTALLED  NET  THRUST  -  lb  (Thousand) 


Figure  5.  Perceived  Sideline  Noise  at  Takeoff  FD  16973 

Cl  I 


OCTAVE  BANDS 

Figure  6.  Predicted  Sound  Pressure  Levels  FD  16755 

at  Takeoff  CII 
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Figure  7.  Exhaust  System  Model  Test  Data 
Comparison  of  Maximum  Sound  vs 
Thrust  Loss 
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In  contrast,  recent  tests  have  been  conducted  to  define  the  mechanics 
of  exhaust  noise  generation.  Clear  demonstrations  have  been  developed 
that  show  distinct  differences  In  the  turbulence  developed  downstream  of 
nozzles  with  different  contours.  Some  correlations  have  been  established 
between  the  results  of  these  flow  visualizations  and  noise  produced  by  the 
exhaust  gas.  Improved  analytical  tools  are  now  being  planned  to  continue 
this  work  during  development  in  Phase  III. 


The  noise  development  program  that  will  he  conduct b“  PW*  during - 

~r itaae  lii  encompasses  the  following  three  areas: 

1.  Exhaust  noise  generation 

2.  Fan  noise  generation 

3.  Analysis  of  JTF17  engine  noise. 

Each  of  these  programs  are  treated  separately  in  the  following  para¬ 
graphs. 

2.  Exhaust  Noise  Development  Program 

Experience  gained  during  Phase  II-C  with  water  table  and  model  tests 
indicates  that  the  geometry  of  the  engine  exhauet  system  hss  s  critical 
influence  upon  the  intensity  of  the  noise  produced  by  a  turbnfan  engine. 
Particularly  important  are  the  contours  of  the  primary  and  duct  nozzles, 
the  locations  and  lengths  of  the  blow-in  doors,  and  the  contour  of  the 
reverser-suppressor .  Further  evaluation  of  the  effects  of  these  and 
related  variables  is  necessary  to  minimize  the  noise  produced  by  the  JTF17 
exhaust  gas.  Tests  will  be  conducted  in  an  outdoor,  model  test  stand  cur¬ 
rently  in  the  design  and  procurement  stage  for  Installation  at  the  FKDC. 

This  facility  (figure  8)  will  provide  Che  following  conditions  for  testing 

model  exhaust  systems  up  to  one-fifth  of  full  JTF17  size. 
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Airflow  of  up  to  18  lb/sec  at  pressures  of  at  least  60  pels 
Single  or  dual  airflow  with  provisions  for  secondary  air  supply 
for  testing  models  of  turbofans  or  turbojets 

Independent  Control  of  tespersiure,  fisc,  and  pressure  fgr  each 
slratraam,  with  a  maximum  temperature  capability  of  2500  F 
Thrust  aaaaureaent  capability 
Schlieren  photography  capability 
Sound  measurement  capability. 


Figure  8.  Model  Test  Facility  with  Schlieren  PD  167S6 

Model  Mounted  CII 

Initial  testa  of  engine  exhaust  systems  conducted  on  this  test  facility 
will  utlllaa  two-dimensional  models.  In  this  manner,  correlation  will  be 
established  between  the  development  of  the  turbulent  noise-generating 
region  as  observed  on  the  water  table,  which  is  also  two-dimensional,  and 
that  observed  with  actual  gas  flow  under  exact  conditions  of  Mach  number, 
weight  flow,  temperature,  and  pressure.  This  correlation  will  be  estab¬ 
lished  through  the  use  of  Schlieren  photographs  of  the  two-dimensional 
model  and  is  expected  to  provide  data  that  will  allow  for  more  extensive 
use  of  the  water  table  as  s  design  tool. 

Further  exhaust  system  tests  with  the  model  test  facility  will  be 
conducted  using  three-dimensional  models.  Noise  measurements  taken  during 
this  phase  of  the  development  will  provide  a  final  check  on  the  theory 
developed  In  previous  analyses  and  two-dimensional  testing  prior  to  its 
application  to  full-scale  hardware. 

Model  tests  that  have  already  been  conducted  show  that,  because  of 
the  small  scale  of  the  models,  inaccurate  duplication  of  airflow  may  be 
encountered,  even  with  precise  geometric  reproduction.  For  example, 
tertiary  airflow  introduced  through  the  blow-in  doors  may  be  related  to 
a  relatively  large  Reynolds  number  and  a  turbulent  boundary  layer  in  the 
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- Cf.giaa .  With  a  small-scale  model,  however,  the  reduced  dieen- 

b Ions  nay  result  la  a  Reynolds  number  providing  a  laminar  flow  condition. 
Thua,  mixing  of  tha  tertiary  air  in  the  ejector  may  he  exp  ,-ctad  to  be 
different  in  each  case,  with  the  possibility  of  aignlficantly  different 
effects  upon  the  noise  generated.  Model  testing  conducted  during  Phaae 
11-8  has  indicated  ways  of  correcting  for  these  effects  on ?»  they  arc 
recognized.  Fur  example,  identical  Reynolds  cumbers  for  the  modal  and 
for  the  full-aeala  angina  can  be  established  by  adjusting  the  character¬ 
istic  dime os ion  (1)  of  tha  model  In  tha  following  equation: 

Ray  -  oVL 
M 

where:  p  -  density 

V  ■  stream  velocity 
u  ■  viscoaity 

This  could  be  accomplished  In  a  simulation  of  tertiary  air  injection 
by  increasing  tha  length  of  tha  blov-ln  door  on  the  model.  Sufficient 
correlation  between  full-scale  and  modal  testa  will  be  established  tc  pro¬ 
vide  confidence  In  tha  accuracy  of  the  model  test  results. 

3.  Fan  Noiae  Development  Program 

Previously  referenced  fan  noise  investigations  conducted  by  P&WA 
have  established  that  tha  pressure  gradients  produced  along  the  surfaces 
of  bladea  and  venae  are  responsible  for  tha  audible  noise  produced  by  a 
compressor.  The  effect  upon  noise  of  variations  in  this  aerodynamic  load¬ 
ing  will  be  investigated  in  detail  as  a  part  of  the  Phaae  III  development 
program  for  Che  JTT17  angina. 

A  representative  pressure  distribution  for  an  airfoil  is  shown  in 
figure  9a.  Tha  large  pressure  differential  illustrated  would,  for  example, 
be  produced  on  the  surfaces  of  a  blade.  Analvi«  Indies*: eg  that  the 

- ■uTeugth  or  the  audible  noise  produced  is  proportional  to  the  pressure 

differential,  while  the  frequency  of  the  sound  is  a  function  of  the  number 
of  blades  in  the  stage  and  rotor  speed.  It  follows,  therefore,  that  by 
providing  a  reduced  pressure  differential,  noise  may  also  be  reduced. 

A  second  representative  pressure  distribution  is  presented  in  figure 
9b.  The  total  force  acting  on  the  airfoil  la  the  same  in  this  example  as 
in  tha  previous  case,  however,  tha  loading  of  the  airfoil  has  been  altered 
to  ninisULae  the  pressure  differential  across  the  airfoil.  Methods  of 
achieving  thic  type  of  airfoil  loading  end  the  effects  of  loading  upon 
fan  colas  will  be  evaluated  using  the  six-tenth  scale  compressor  rig 
described  in  the  compressor  development  section  of  this  proposal,  tterrow 
frequency  band  analyeas  will  be  conducted  on  the  sound  recordings  made 
during  rig  operation.  Microphones  will  be  located  in  the  discharge  duct 
of  the  rig.  Configurations  found  to  have  significant  value  will  be  evalu¬ 
ated  further  during  full-scale  engine  testa. 

An  additional  objective  of  the  fan  noise  development  p  ogram  will  be 
to  determine  tha  generating  mac  anise  of  the  combination  tones  or  "buzr- 
sav"  noise  produced  by  a  fan  at  high  rotor  speeds.  This  noise  occurs  at 
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supersonic  tip  speeds  and  is  character ized  by  a  multitude  of  high  pres¬ 
sure  peaks  having  frequencies  up  to  approximately  4000  cps.  Concurrent 
pro-g rats  will  be  conducted  at  the  Florida  Research  and  Development  Center 
end  at  the  Lest  Hartford  facilities  to  define  the  source  and  means  of 
control  of  thin  phenomenon.  These  activities  will  be  conducted  in  scaled 
compressor  rigs,  and  results  will  be  verified  in  full-scale  engine  teats. 
Initial  investigations  have  already  been  started  in  East  Hartford  because 


of  the  potential  application  to  engine  development  programs  being  conducted 
by  that  facility. 


Figure  9.  Comparison  of  Pressure  Distribution  FD  16757 

on  Coapressor  Blades  C1I 


4.  Engine  Noise  Analysis 

Considerable  data  have  already  been  acquired  in  the  JTF17  engine 
development  program  during  initial  running  of  engines  FX-161  and  FX-162. 
Theae  data  have  shown  areaa  where  sound  suppression  techniques  would  hsve 
the  gresteat  benefit.  The  engines  were  operated  at  conditions  simulating 
both  thrust  cutback  after  takeoff  and  airport  approach  thrust. 

A  narrow-band  spectral  analysis  of  exhaust  noise  recorded  from  the 
first  teat  of  engine  FX-161  at  airport  approach  engine  speed  (Ni  ■  4300  rpm) 
is  shown  in  figure  10.  Characteristic  peaks  in  sound  pressure  level  are 
shown  to  exist  at  the  first  rotor  fundamental  blade  passing  frequency 
(3150  cps),  in  the  range  of  the  second  rotor  fundamental  (5300  cps),  and 
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At  the  first  harmonic  of  the  first  rotor  blade  passing  frequency  <6300  cps). 
Iho  existence  of  thaee  discrete  frequency  pressure  peaks  contributes  10 
to  12  db  to  tha  overall  sound  pressure  level  produced  by  the  fan. 
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Figure  10. 


Spectral  Analysis  of  Exhauat  No lee  FD  16738 
at  Aircraft  Approach  Speed  CII 


A  different  situation  has  been  found  to  exist  at  fan  speeds  (N'l  - 
5200  rpa)  required  following  thrust  cutback  after  takeoff,  as  shown  in 
figure  11.  Under  this  condition,  blede  tip  speeds  are  wall  into  the  super¬ 
sonic  region.  As  a  result,  combination  tones  are  produced  at  frequencies 

_ up  to  alerter  A  POO  rna-  **<»>»  —  .  i  g..  {f  Sr  STirly  c  n  the  noise  pro- 

duced  by  the  fan.  At  the  same  time,  discrete  frequency  noise  remains  sig¬ 
nificant  under  this  condition  and  contributes  8  to  10  db  to  the  overall 
sound  pressure  level  produced  by  the  fan. 

Engine  cast  stands  that  now  exist  st  the  Florida  Research  and  Develop¬ 
ment  Center  era  not  suitable  for  fer-field  noise  measurement a  due  to  the 
existence  of  permanent  blast  wells  and  extremely  uneven  terrain  in  the 
sound  field.  To  compensate  for  these  shortcoming*,  the  recordings  refer¬ 
enced  above  were  mads  with  microphones  located  20  feet  from  the  plane  of 
the  engine  exhauat. 

Holes  measurements  during  the  Phase  HI  development  program  will  be 
made  on  a  raw  facility  constructed  primarily  for  this  purpose  end  described 
as  tbs  noiaa-ravaraer  teat  stand  in  tbs  facilities  section  of  this  proposal. 
The  quality  of  the  noise  measurements  aada  on  this  stand  will  be  enhanced 
by  the  following  faaturos  of  the  facility: 

1.  Engine  centerline  height  greater  then  two  nozzle  diameters  above 
the  ground 

2.  Clear  and  level  ground  extending  for  a  distance  of  500  feet  from 
the  engine. 
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3.  On-site  facilities  far  metaorolog leal  measurements 

4.  Thrust  sad  angina  parameter  recording  capability 

5.  Permanently  located  microphone  positions 

6.  Low  background  noiaa  levels. 

Xu«  unite  recordings  will  be  so  nade  «e  tv  allow  for  both  octave  band 
and  narrow  frequency  band  analysis.  In  addition,  pressure  transducer* 
will  be  located  in  the  fas  duet  walla  to  obtain  sound  intensity  lets  for 
use  In  tbs  design  of  acoustical  Ilnurs . 


4000  6000  8000  10000 

FREQUENCY  -  epa 


Figure  11.  Spectral  Analysis  of  Exhaust  Holes  FO  16739 

at  Thrust  Cutback  after  Takeoff  CII _ 

A  program  will  be  conducted  on  this  facility  to  establish  the  tea cut 
of  noiaa  reduction  possible  by  the  operational  versatility  of  the  angina. 
As  discussed  below,  this  prograa  will  include  investigations  of  exhaust 
noise  aatching  and  of  the  affect  of  duct  basting  on  fan  noiaa. 

To  accelerate  the  acquisition  of  noise  data,  a  temporary  facility  is 
being  constructed  (figure  12).  This  facility  will  be  coaplettd  In  the 
latter  part  of  Phase  II-C  and  will  permit  satisfactory  measurement  of 
near-  and  far- field  exhaust  noiaa. 

a.  Exhaust  Holes  Hatching 

As  shown  in  figures  1  and  3,  and  die cussed  in  Section  III,  soalyaea 
of  predicted  engine  noise  indicate  that  the  exhaust  noise  produced  by 
the  fan  duct  t trees:  and  tba  primary  stream  are  not  well  matched  in  the 
nonxugaantsd  thrust  range  with  normal  angina  control  scheduling.  Figure 
3  shows,  for  example,  that  the  noise  produced  by  the  unsuppressed  primary 
exhaust  gas  at  20,000  lb  total  angina  thrust  is  predicted  to  be  more  than 
8  PNdb  higher  than  the  noise  produced  by  the  duct  exhaust  gas.  If  the 
noise  level  of  the  primary  exhaust  was  reduced  while  the  noise  level  of 
the  duct  exhaust  gas  was  increased  until  tba  two  levels  were  equal, 
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total  noise  would  be  reduced.  Two  identical  noise  sources  produce  a 
total  noise  level  3  PNdb  higher  than  the  common  level  of  each.  3y 
reducing  primary  exhaust  noise  4  PNdb  and  increasing  duct  exhaust  ncise 
the  same  amount,  a  common  level  of  99  PNdb  would  be  obtained  in  the  above 
example.  Total  exhaust  gas  noise  under  these  conditions  could  be  expected 
to  decrease  by  about  1  PNdb . 


Figure  12.  Temporary  Full-Scale  Engine  Noise  FC  13323 

Test  Facility  CI1 

While  the  matching  of  exhaust  gas  noise  produced  by  the  JTF17  engine 
is  analogous  to  the  above  example,  the  amount  of  i  orovement  gained  is  a 
complex  function  of  engine  operation.  When  the  primary  exhaust  stream 
produces  more  noise  than  the  fan  duct,  improved  matching  can  be  achieved 
by  obtaining  additional  thrust  from  the  duct  with  duct  heat.  Constant 
total  engine  thrust  can  be  maintained  under  these  conditions  by  reducing 
primary  fuel  flow.  With  the  JTF17  engine,  however,  fan  speed  is  also 
reduced  by  this  procedure,  which  provides  an  additional  source  of  total 
engine  noise  reduction.  Specific  cases  of  noise  reductions  gained 
through  improved  exhaust  noise  matching  are  examined  in  Section  III  (Sup¬ 
pression  Devices) . 

b.  The  Effect  of  Duct  Heating  on  Fan  Noise 

Fan  noise  transmitted  through  the  fan  duct  must  pass  through  the 
annular  duct  heater  located  in  the  flow  stream.  Operation  of  the  duct 
heater  is  expected  to  have  an  attenuating  effect  upon  the  pres,  .ure  pulses 
produced  by  the  fan  that  should  reduce  the  effect  of  fan  noise  when  oper¬ 
ating  in  this  mode. 
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A.  INTRODUCTION 


The  suppression  dsviess  to  hi  used  must  be  designed  with  considers* ion 
chut  the  dominant  noise  sources  change  with  the  engine  throttle  setting 
and  are  thug  different  for  takeoff  end  approach. 

At  Chi  lav  thrust  level*  used  during  airport  approach  and  power  cutback 
after  takeoff,  the  fan  noisa  predominate* ,  but  jet  noiaa  suppression  is 
ilta  needed.  Under  chase  conditions  the  fen  noise  can  be  controlled  by 
acouatical  absorbing  liners,  careful  selection  of  blade  numbers ,  and  sc  - 
lection  of  spacing  between  blades  and  vanes  to  reduce  the  rolse  generated. 

Demonstrated  techniques  of  fan  noise  treatment  have  shown  a  15  db  per 
octave  band  reduction  of  fan  noiaa.  P56IA  believe*  that  through  the  use  of 
available  scouatical  materials  and  the  maximum  uae  of  the  noiae  signature 
characterise  lea  of  the  turbofan  engine,  Che  potential  fan  noiae  suppression 
is  no  less  than  22  ). 

Similarly,  exhaust  gas  noise  auppresgion  devices  similar  to  those  de¬ 
scribed  in  this  section  have  demonstrated  at  least  3  PNdb  reduction  in  this 
noise.  The  attainment  of  elgnlficently  greater  reduction  appears  to  be 
possible  within  the  SST  development  period. 

B.  FAN 


1.  Kathode  Available 


The  basic  noise  control  versatility  of  the  JTF17  duct  burning  turbofan 
engine  provides  a  variety  of  ways  to  achieve  large  reductions  In  fan  noise. 
This  flexibility  mliow-tha  »««  jO-ww*  1— e-f-f active- 
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Although  the  primary  objective  for  the  use  of 


control  slmultaneoualy . 
these  methods  la  to  control  the  fan  noiae  exponent  of  exhaust  noise,  re¬ 
duction  in  fau  noiae  transmitted  forward  of  the  engine  la  also  anticipated. 
Measured  reductions  in  noise  obtained  through  these  methods,  which  reduce 
requirements  for  fan  noiae  euppr*aeion  by  the  engine's  Inlet,  will  be  coor¬ 
dinated  with  the  airframe  manufacturer.  Verification  of  these  improvements 
will  be  provided  by  P6HA  through  engine  teets  with  the  inlet  installed. 


Acouatical  ot  sound  abaorbluj  liners  of  the  resonant  and  nonresonsnt 
types  will  be  used  in  the  diffuser  section  of  the  fan  duct  Co  absorb  noiae. 
In  addition,  several  fan  modifications  are  incorporated  into  the  engine 
design  to  minimize  the  note*  generated  by  the  fan.  Each  of  these  methods 
of  noiae  control  la  discussed  in  detail  in  the  following  paragraphs. 


2.  Acouatical  Liners 


Sound  absorbing  liners,  often  called  acoustical  liners,  provide  effec¬ 
tive  noiae  control  when  mounted  on  the  walls  of  the  fan  duct.  In  operation, 
the  liners  absorb  aound  energy  transmitted  downstream  of  the  fan  in  the 
duct,  allowing  less  aound  energy  to  reach  the  duct  exit,  and,  as  a  result, 
the  radiated  sound  level  ia  .eduesd.  These  liners  may  be  either  resonant 
or  nonresonant  as  discussed  in  the  following  paragraphs. 
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a.  Heaonsnt  Llnsra 

Helmholtr  resonate?  theory  provides  the  basis  for  th*  opetaiion  of 
resonant  acoustical  liners.  A  Halaholtz  raaonator  la  an  acoustical  ab¬ 
sorber  consisting  of  a  Vulusc  of  air  coasunicating  with  a  sound  source 
t  trough  a  smell  channel.  If  the  interior  volume  of  the  resonator  la 
targe  compered  to  the  channel,  the  change  in  pressure  {due  to  the  in¬ 
cident  wvas)  st  the  aperture  of  the  channel  will  set  the  mess  of  air 
In  the  channel  in  vigorous  motion  while  the  air  in  the  interior  of  the 
resonator  ie  periodically  compressed  and  rsrified.  The  kinetic  energy 
is  concentrated  in  the  channel  .  while  the  interior  volume  acts  as  the 
potential  energy  source.  The  resonator  is  analogous  to  s  staple  a *se- 
spring  system.  The  interior  volume  represents  the  spring,  and  the  air 
In  the  channel  is  analogous  to  a  vibrating  awes.  The  energy  loss  In  the 
system  stems  from  the  friction  at  the  side  walls  of  the  channel  and  par¬ 
allel  piste  surfaces  and  from  turbulence  losses.  For  a  liner,  the  space 
between  the  liner  end  the  wall  is  regarded  as  a  collection  of  volumes  (or 
springs)  where  equal  volimci  are  allocated  to  each  channel  or  hole.  No 
partitions  are  required  to  physically  pa rate  those  volumes  if  the  in¬ 
cident  waves  are  normal  to  the  liner  and  if  the  Internal  pressure  la  uni¬ 
form.  A  pressure  rise  at  the  aperture  of  eech  resonator  will  tend  to 
accelerate  the  auas  in  the  hole,  compressing  the  interiors,  which  In  turn 
exerts  a  force  tending  to  return  the  mass  to  its  original  position. 

A  typical  resonant  linar  croaa  section  is  shown  in  figure  1  with 
Identification  of  the  variable*  Influencing  the  dealgn.  Sufficient  work 
has  been  completed  by  PtHA  to  develop  an  analytical  design  method  incor¬ 
porating  these  parameters  that  can  be  used  to  optimize  Che  absorption  of 
sound  energy  under  specific  duct  conditions.  Close  agreement  has  been 
found  between  enslytlcsl  results  and  those  produced  by  Impedance  tube 
teats,  as  illustrated  in  figure  2.  A  detailed  description  of  this  analyt¬ 
ical  dealgn  aw t hod  la  contained  in  PtHA  Report  TDH-1287.  The  P&WA  imped¬ 
ance  tube  teat  facility  la  shown  in  figure  3 . _ 


As  expected  from  the  nusmrous  variables  contributing  to  the  degree  of 
eound  absorption  of  a  resonant  liner,  considerable  design  flexibility 
exists.  Sound  absorption  capability  ia  expressad  by  the  absorption  coef¬ 
ficient  (a)  defined  as  the  fraction  of  the  incident  energy  that  la  absorbed. 

A  typical  sat  of  design  curves  for  a  resonant  linar  Is  given  in  figure  A. 

When  applied  to  the  JTF17  engine  fan  duct,  minimum  backing  depth  nay  be 
used  with  a  large  hole  sice  and  open  area  ratio  to  provide  a  1--  design 
of  minimum  weight. 

The  absorption  coefficients  remain  reasonably  high  for  resonant  liners 
operating  at  frequencies  other  than  resonance.  As  shown  in  figure  5,  absorp¬ 
tion  coefficients  above  0.5  can  be  obtained  with  a  single  liner  design  over 
a  range  of  approximately  5000  cpa.  The  uae  of  multiple  designs  for  dif¬ 
ferent  sections  of  the  fail  duct  can  further  improve  this  condition. 
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DESIGN  VARIABLES 
1.  Sound  Presaur'  l  evel 
i  Prepu—x-y 
X  PresMire 

4.  Temperature 

5.  Omity 

6.  Specific  Heal  Ratio 

7.  Afaaolute  Viaooeity 
g.  Opes  Area  Ratio 
9.  PI am  Velocity 

19.  Material  Thickarae 

11.  Hole  Diameter 

12.  Baclici  Dutucr 

Figure  l.  Resonant  Acoustical  Liners  iD  16832 
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Figure  2.  Comparison  of  Theoretical  Ab-  FD  16831 

sorption  Goef ficie-ts  kith  CIIX 

Experimental  Data 
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Figuru  3.  Impedance  Tube  Pacility  FD  17453 
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Figure  5.  Typical  Absorption  Coefficient  FD  16829 

of  Resonator  Liners  CIII 

b.  Nonresonant  Liners 

A  thin  sheet  of  permeable  material  produced  by  felting  and  sintering 
can  be  made  to  act  as  an  effective  acoustical  absorber.  Commercially  avail¬ 
able  material  has  been  tested  extensively  to  evaluate  the  fan  noise  absorp¬ 
tion  capability  when  applied  to  the  fan  duct  vails.  By  providing  an  air 
gap  between  the  liner  and  an  impervious  vail,  attenuation  of  noise-produc¬ 
ing  pressure  pulses  is  gained  by: 

_ 1,  _  Th.e  .canacitativa- reactance  e£-  the- port  Voluuic 

2.  Turbulence  losses  resulting  from  flow  through  the  ports. 

Nonresonant  liners  may  be  adjusted  for  optimum  absorption  at  a  specific 
frequency  by  adjustment  of  flow  resistance  and  backing  depth.  Under  these 
conditions,  relatively  high  absorption  coefficients  can  be  maintained  over 
a  vide  frequency  range  auch  as  shown  previously  for  resonant  liners. 

c.  Test  Results 

The  suppression  provided  by  an  absorption  liner  may  be  related  to 
total  liner  surface  area,  the  size  of  the  duct  annulus,  and  the  geometry 
qv  the  duct.  Provided  that  liner  design  is  based  upon  die  optimization 
of  the  variables  specified  in  figure  1,  suppression  of  fan-generated 
noise  will: 

1.  Increase  with  liner  surface  area 

2.  Decrease  with  increases  in  duct  annulus  size 

3.  Increase  as  the  duct  shape  becomes  less  cylindrical  with  Lhe 
addition  of  duct  sections  ti'iit  are  not  parallel  to  the  engine 
axis. 
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Au  analytical  relationship  between  chess  factors  thac  would  provide 
so  accurate  prediction  of  the  attenuation  that  night  be  expected  frg@  a 
specific  ne-nre  sonant  liner  installation  has  not  been  developed.  However, 
liner  suppression  testa  with  duct  sections  similar  to  that  of  the  JTF17 
engine  have  bean  conducted.  A  representative  instillation  is  *hown  in 
figure  6.  Teats  ware  conducted  in  a  dual  reverberation  chamber  with  flow 
velocities  up  to  525  ft/aac  using  both  resonant  and  nonresonant  liners. 
During  these  tests,  the  ratio  of  the  liner  length  to  ennulus  width  (L/D) 
was  approximately  2.5.  In  each  instance,  a  single  20-incf  aectlon  of 
abaorptive  material  on  one  wall  of  the  duct  was  evaluated. 

The  results  of  testa  using  a  resonant  liner  are  shown  in  figure  7. 

The  liner  abaorption  coefficient  waa  adjusted  by  altering  the  air  backing 
distance  to  provide  maximum  attenuation  in  the  7th-octave  band.  With  <i 
flow  velocity  of  300  ft/aec,  an  average  attenuation  of  10  db  resulted. 
Although  no  adjustments  were  made  to  the  liner  to  optimize  absorption 
for  a  flow  velocity  of  525  ft/sec,  abaorption  i.i  the  seme  octave  band 
still  averaged  approximately  8  db. 


Upabw^u 
Rever  jerrtio/' 
Chamber 


Downstream 
Reverberation 
Chamber 


Simulated  Duct  Airflow  Paaaase 


Liner  Teet  Section 
- 20  in - 


With  5/8  in  Air  Backing 

Figure  6.  Duct  Section  for  Liner  Noise 
Attenuation  Tests 
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Figure  7.  Fsn  Duct  Section  Treated  With 
Perforated  Flatewire  Screen 
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Additional  testa  with  th«  same  duct  lection  md  facility  were  conducted 
at  «  flow  velocity  of  525  f*/iec  using  a  nontesonant  liner  of  the  same 
length  (65t  density  Feltaetel)  with  a  1-inch  backing  distance.  In  figure  S, 
the  results  of  this  teat  ere  cospared  to  those  for  a  resonant  liner.  At* 
tenuetion  of  approxlsMCely  2  db  leas  throughout  the  frequency  range  tested 
vee  found  for  the  Feltaetel.  Notably,  both  types  of  liners  were  found  to 
provide  effective  noise  attenuation  over  e  broad  range  of  frequencies  in 
the  audible  range. 


1.  Velocity  -  626  ft/W 

!  till 

2.  Air  Barline  -  6/8  in. 


&  Parforatad  Plata  •  30-in.  Length  J  j 
6  PeltmaUl  Type  FH154  0.036  in..  86%  Density, 
40  Ray  la,  1-in.  Backing  Depth,  20  in.  Length 


2  3  4  6 

FREQUENCY  -  epa  (Thousand) 


8  9  10 


Figure  8.  ciroonjfriecv.  cf  Attenuation  of 

Resonant  and  Nonresonant  Liners 
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d.  JTF17  Engine  Application 

Results  of  the  rig  tests  just  discussed  are  directly  applicable  to 
attenuation  of  fan  noise  within  the  JTF17  engine  fan  duct  by  acoustical 
liners.  Flow  velocities  range  froai  approximately  300  to  600  ft/sec  in 
the  engine  fan  duct  at  the  engine  thrust  settings  where  fen  noise  is  ex¬ 
pected  to  be  important,  i.e.,  dominant  over  exhaust  noi&e. 

As  shown  in  figure  9,  many  potential  locations  for  acoustical  liner 
installations  exist  within  the  duct.  Studies  sre  currently  being  con¬ 
ducted  of  various  locations  and  installation  methods  that  would  provide 
rsinisus  weight  penalties  for  Che  attenuation  gained.  These  Include: 

1 .  Diffuser  walls 

7.  Diffuser  walls  with  flovsplitter  in  17-inch  section  downstream 
of  fan  discharge 

3.  12-inch  section  and  17-inch  section  modified  to  eliminate  line 
of  sight 

4.  Duct  heater  section. 
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Figure  9.  Potential  Surface*  for  Treat¬ 
ment  With  Acoustical  Liners 
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One  of  the  Dost  attractive  approaches  Includes  the  use  of  an  acous¬ 
tically  treated  flowsplltter  mounted  on  Che  existing  radial  supports  just 
dovnstraaa  of  the  fan  discharge  (figure  10).  By  treating  the  aupports 
and  replacing  the  existing  duct  walls  with  s  honeycomb  structure  having 
acoustical  trsstamnt,  an  effactive  L/D  of  approximately  4  would  result. 
The  added  Improvement  in  noise  suppression  that,  using  s  flowsplltter , 
may  be  gained  by  Incorporating  absorption  liners  on  the  diffuser  support 
Strut  surfaces  Is  shown  In  figure  11.  These  data  were  acquired  from 
rig  tests  similar  to  those  previously  described.  It  Is  anticipated  from 

the  data  presented  above  that  this  design  will  result  in  JTF17  engine _ 

fan  noiae  attenuation  abo-Jt  15  dbper  cct*ve  b*na7~  It  a  honeycomb- 
type  structure  were  used,  the  weight  of  this  installation  would  be  ap¬ 
proximately  five  pounds  per  engine.  It  has  been  decided  to  use  an  acous¬ 
tically  treated  flowsplltter  in  the  SST  engine. 


- En*la*-t - 

o'  jally  Treated  Flow  Bftktnr  Mounted 
>  Radio]  Support*  is  tbs  Di'ftusr 

Section  of  tbs  fan  Duet 


-ao-tu  Radius 


View  A 


SpUtisr 

'  Bstwwm 


Figure  10.  Acoustically  Treatad  Flowspitter 
Mounted  in  Diffussr  Section  of 
Fan  Duct 
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CENTER  FREQUENCY  •  cpe  (Thousand) 

Figure  1.1.  Effect  of  Abaorblng  Liners  on  FD  16823 

Diffuser  Support  Struts  CIII 

Additional  suppression  of  fsn  noise,  if  required,  is  sveileble  through 
the  use  of  additional  acoustical  liners.  Honeycomb  structure  techniques 
with  acoustical  treatment  can  be  used  in  other  sections  of  the  fan  duct  to 
replace  sections  of  the  existing  duct  wells  vith  little- onto  height  pcn- 


3.  Fan  Design  Modifications 
a .  Blade/Vane  Matching 

theory  developed  by  P&UA  indicates  that  suppression  of  discrete 
frequency  noise  produced  by  a  compressor  can  be  accomplished  through 
the  proper  matching  of  the  number#  of  blades  end  vanes.  Summarizing 
the  theory,  fully  developed  In  U.S.  Patent  Ho.  3,194,487,  the  pressure 
modes  generated  by  the  interaction  between  rotating  blades  and  station¬ 
ary  vanes  can  be  aude  to  rotate  at  subsonic  speeds  with  proper  selection 
of  blade  end  vane  numbers,  regardless  of  blade  tip  speeds.  To  achieve 
this  condition,  the  mm&er  of  vanes  should  be  slightly  sere  than  twice 
the  uiaber  of  blade*.  Under  this  condition,  the  pressure  modes  will 
decay  in  the  duct  end  not  be  emitted  from  the  engine  through  the  Inlet 
3 r  fsn  discharge  ducts.  These  pressure  modee  manifest  themselves  as 
discrete  frequenclee  that,  for  the  JTF17  engine  fan,  repreaent  a  major 
noiae  source. 

Tests  have  recently  beeu  completed  on  e  P&tfA  model  JT9D  engine  to 
llluetrete  the  above  principles.  For  the  base  esse,  48  guide  vanes  were 
used  with  a  46-blade  rotor.  A  reduction  of  as  much  as  12  db  In  measured 
noise  using  96  vanes  with  the  same  rotor  le  shown  in  figure  12.  These 
eakDunta  of  attenuation  resulted  from  an  almost  cotaplete  elimination  of 
discrete  frequencies  with  the  96-vane  stator. 
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In  fen  noise.  This  is  accomplished  through  s  reduction  of  the  discrete 
frequency  noise  associated  with  the  fundaments!  frequency  of  the  first  rotor 
end  its  harmonics  end  is  relative  to  current  coaacrclal  engine  spicing  of 
approxiatttely  40  percent.  This  modification  to  initial  fan  design  is  ex¬ 
pected  to  increase  engine  weight  Hy  about  5  pound6« 


ROTOR  BLADE  AXIAL  CHORD  LENGTH 

Figure  13.  Effect  of  Fan-Vane  Spacing  on  FD  16786 

- Fas- Set  s* -  Gill 


Although  the  reletionehip  presented  in  figure  13  wee  generated  at  sub¬ 
sonic  rotor  tip  speeds,  recent  testa  conducted  at  the  P&WA  facility  in 
East  Hartford  Indicate  that  similar  beneficial  effects  will  result  at  super¬ 
sonic  speeds.  The  effect  of  rotor  speed  is  susaaarized  in  table  1,  for  sub¬ 
sonic,  approximately  sonic,  and  supersonic  rotor  tip  speeds.  Throughout 
the  rotor  tip  speed  range  shown,  reduction  in  the  sound  pressure  level  of 
the  fundamental  blade  passing  frequency  transmitted  downstream  remained 
constant  following  an  increase  in  spacing. 

c.  Inlet  Guide  Vanes 

The  JTP17  engine  far,  design  reduces  the  engine  noise  level  because 
the  design  does  not  incorporate  inlet  guide  vanes.  Tertt  recently  con¬ 
ducted  by  P&WA  on  the  JT9D  engine  provided  a  full-scale  demonstration  of 
the  effects  of  Inlet  guide  vanes  on  fan-generated  noise.  Data  from  these 
tests  have  been  Incorporated  into  a  simulated  flyby  condition,  which  is 
presented  in  figure  14.  Similar  beneficial  effects  are  expected  to  accrue 
from  incorporation  of  these  results  into  the  JTF17  engine  fan  design. 
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Figure  14.  Flyover  Noise  Level  Comparison  FD  16785 

_ CHI _ 

C.  EXHAUST  NOISE  SUPPRESSION 

1.  Method*  Available 

Three  methods  of  exhaust  noise  suppression  are  available  for  the  JTF17 
engine.  Sound  suppressors  similar  to  those  now  used  on  other  P&WA  commer¬ 
cial  engines  will  be  fitted  to  the  engine  to  provide  at  least  4  PNdb  sup¬ 
pression  of  exhaust  noise.  Designs  are  now  being  developed  that  will 
allow  the  removal  of  these  devices  from  the  exheust  stream  at  cruise  and 
thereby  improve  cruise  performance.  Exhaust  noise  suppression  of  4  PNdb 
will  alto  be  provided  by  the  ejector  action  of  the  reverser-suppressor. 

In  addition,  resonant  acoustical  liners  will  be  installed  along  the  inner 
valla  of  the  ejector, to  provide  suppression  of  both  fan-generated  noise 
and  th«c  noise  produced  by  the  exhaust  gases.  This  is  expected  to  provide 
about  2  PNdb  reduction  in  engine  noise. 

2.  Nole*  Suppression  from  Ejectors 

a.  Teat  Data 

Substantiation  of  a  blow- in  door  ejector  as  an  effective  noise  sup¬ 
pression  device  has  been  provided  by  several  tests.  Noise  levels  of  the 
TP-12  aircraft,  figure  15,  have  been  measured  by  sound  personnel  from 
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PWA  h4  t  ’*  *1 1 f esh«  ssaufacfcurer .  In  this  installation,  although 
structurally  part  of  the  airframe,  tbs  sjsctor  also  operates  as  an 
integral  part  of  the  engine  exhaust  spate*.  An  ejector,  constructed  for 
static  noiaa  teate  at  FAMA'a  PMC,  closely  duplicated  the  geometry  of 
the  flight  version  (figure  16).  Further  duplication  of  the  YT-12  teat 
Condition*  was  provided  with  the  installation  of  a  supersonic  Inlet  and 
as  engine  ni'illt  (figure  17).  For  comparison,  noise  level*  of  the  J58 
engine  without  inlet,  nacelle,  or  ejector  were  recorded  at  both  loca¬ 
tions. 

The  results  of  these  testa  are  summarized  and  compared  to  predicted 
values  in  figure  15.  The  recorded  data  has  bean  adjusted  to  a  cosaacn 
value  of  Rozele  arcs  and  exhaust  gas  density  to  enable  direct  comparison 
and  to  el Inina te  inlet  Installation  effects. 

Relatively  good  agreement  la  shown  between  the  baseline  tests  (with¬ 
out  ejector)  and  the  expected  noise  level  baaed  upon  the  SA£  prediction 
system.  This  agreemenr  exists  throughout  the  augmented  and  nonaugmented 
thrust  range.  Installed  and  simulated  installed  noise  values,  in  con¬ 
trast,  fall  well  below  this  level.  In  the  augmented  thrust  range 
(relative  jet  velocity  above  2400  ft/sec)  data  recorded  from  engine 
teats  with  the  ejector  Installed  are  approximately  4  PNdb  lower  than 
predicted.  This  difference  in  the  nonaugmented  thrust  range  is  approxi¬ 
mately  3  PNdb.  No  special  acoustical  treatment  was  applied  to  the 
ejector  during  these  testa. 

These  observations  are  not  unique.  Numerous  other  reports  indicating 
that  noise  attenuation  '  is  been  gained  with  the  use  of  ejectors  have  been 
published.  Some  of  the  •  reports  are  summarized  in  table  2. 


Figure  15.  Tie-Down  Stand  Used  During  I  - 
stalled  J58  Noise  Tests 
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Figure  17.  Simulated  Installed  J58  Engine 
Noise  Test  Configuration 
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Figure  18.  J58  Sound  Survey 
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Table  2.  Reports  Indicating  No.se  Attenuation  by  Ejectors 


Test 

V-.kWi 

Thrust 

6SPL 

Report 

Date 

Apparatus 

L/D 

Change 

(ref  0.0002  dynes/cm 

NACA 

TN-4261 

A.- 

0|/L 

“into 

A2yu 

Full-size 

Engine 

i.33 

-9£ 

-8 

NACA 

TN-3573 

Oct 

1955 

Full-size 

Engine 

1.5 

0 

-2 

NACA 

TN-4317 

Aug 

1958 

Full-size 

Engine 

N/A 

+2X 

-o 

NACA 

TN4317 

Aug 

1958 

Full-size 

Engine 

2.4 

+5Z 

-11 

NACA 

TN-D-814 

Aug 

1961 

Full~sl2e 

Engine 

1.15 

-3.5% 

-9 

SAE  Prepr. 
818 

Oct 

1956 

Hodel 

N/A 

N/A 

-11 

Boeing  Co. 
6-7719-5 

May 

1966 

Model 

N/A 

N/A 

-8.5  (PNdb) 

As  a  result  of  these  and  similar  successful  applications  of  ejectors 
to  the  problem  of  uolse  control,  P6WA  Instituted  a  program  to  define  the 
ejector  characteristics  that  cause  the  suppression  measured.  Tnls  program 
is  described  in  paragraph  C.3. 

During  the  FRDC  ejector  teats  referred  to  above,  pressure  transducers 
were  installed  along  the  ii  ner  ejector  wall  (figure  19)  to  measure  the 
incident  acoustic  energy.  Narrow  frequency  band  analysis  of  this  data 
(see  figure  20)  indicated  a  high  acoustic  power  concentration  centered 
at  about  1500  cp a  and  encompassing  mainly  the  fifth-  and  sixth-octave 
bands. 


Figure  19.  Pressure  Transducer  Locations  in 
J58  Test  Rig  Ejector 
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Figure  20.  Spectral  Analysis  of  Exhaust  Noise  FD  17826 

at  the  Inner  Surface  of  the  J58  CIXI 

Tear  Rig  Ejector 


Further  analysis  indicate*  that  acouatic  liners  Installed  along  the 
Inner  surface  of  the  ejector  would  absorb  a  significant  amount  of  noise. 
Ideal  conditions  for  the  application  of  this  technique  exist  due  to: 

1.  The  relatively  high  sound  pressure  levels  (about  160  db)  at 
the  liner  surface 

2.  Relatively  Inn  Mlfleltlss-(eha««*  Hg 

liner  surface  due  to  the  introduction  of  tertiary  sir  from 
tha  ejector  blow-in  doors 

3.  The  small  hols  cixes  and  low  percent  of  open  surface  area 
required  that  will  have  no  sffset  on  ejector  performance. 

b.  JTF17  Engine  Application 

The  raverser-supprtssor  of  the  JTF17  engine  is  similar  in  design  to 
the  ejector  used  on  the  J58  engine  in  Che  above  tests.  In  each  case, 
blov-ln  doors  axe  used  in  conjunction  with  movable  flaps  at  the  dovustreaa 
edge  of  the  ejector.  Although  Che  exact  nature  of  the  mechanism  by  which 
the  ejector  provides  attenuation  of  n&laa  is  unknown,  tbs  potential  exists 
for  achieving  exhaust  noise  suppression  with  the  JT717  engine  of  the  same 
magnitude  as  observed  during  the  tears  previously  described. 

This  au  rression  will  be  further  enhanced  through  the  use  of  resonant 
acoustical  ars  in  the  ejector.  Teate  to  evaluate  this  method  of 
exhaust  ociie  attenuation  are  now  being  conducted.  It  la  anticipated 
that  a  reduction  In  aouad  pressure  level  in  the  fifth-  and  sixth-octave 
banda  of  S  db  is  attainable;  this  will  provide  an  overall  noise  reduction 
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of  about  2  PNdb  during  augmented  engine  operation.  An  additional  benefit 
is  anticipated  with  low  nonaugmented  power  operation  through  the  attenu¬ 
ation  of  fan  noise  as  well  as  the  noise  from  the  exhaust  gases. 

3.  Ejector  Noise  Effects  Analysis 

P&WA  experimental  results  show  that  the  simple  application  of  an 
ejector  to  an  exhaust  system  does  not  necessarily  guarantee  acoustic 
superiority.  The  suppression  mechanism  is  complex,  depending  subtly  on 
both  the  geometric  and  dynamic  conditions  of  the  entire  exhaust  system. 

It  has  long  been  thought  that  the  acoustic  power  emitted  from  an  exhaust 
jet  could  be  substantially  affected  by  altering  the  means  by  which  the 
primary  stream  mixes  with  the  ambient  air  into  which  the  steam  discharges. 
This,  then,  would  imply  an  alteration  of  the  mechanism  that  gives  rise 
to  aerodynamically  generated  exhaust  noise.  That  the  nature  of  the  mix¬ 
ing  process  should  exert  such  a  profound  influence  can  be  concluded  from 
the  work  of  Dr.  Alan  Powell.*  In  his  analysis,  Dr.  Powell  treats  the 
jet  exhaust  as  three  distinct  regions.  The  first  region  is  defined  by 
a  linear  growth  of  the  annular  turbulent  region  from  its  point  of  incep¬ 
tion  at  the  exit  plane  of  the  nozzle  downstream  to  the  point  where  the 
turbulence  Intersects  the  engine  centerline.  Following  a  short  transi¬ 
tion  region  (Region  2),  the  flow  develops  to  fully  turbulent  in  the  final 
region. 

It  can  be  shown  that  for  Region  1,  that 
P  -  KA 

where : 

P  ■  acoustic  power  radiated  from  Region  1  (watts) 

A  ■  shear  area  of  Region  1 
K  -  constant 

The  constant,  K,  in  this  equation  is  an  algebraic  function  of  the 
ambient  density,  the  ambient  acoustic  velocity,  the  jet  velocity  in  the 
potential  cone,  and  the  exit  diameter  of  the  jet.  This  region  is  precisely 
that  from  which  the  highest  frequency  sounds  are  radiated.  Understandably, 
an  increase  in  the  rate  of  growth  of  the  annular  turbulence  region  (which 
Implies  a  decrease  in  the  shear  area  of  Region  1)  would  result  in  a  decrease 
of  an  acoustic  power  that  is  radiated  from  this  region.  Because  this  de¬ 
crease  is  felt  predominantly  at  the  high  frequencies,  the  perceived  noise 
level,  which  weights  the  higher  frequencies  more  than  :.e  lower  frequencie  . 
should  ^  substantial  reduction. 


*  Theory  of  Vortex  Sound,  cf.,  The  Journal  of  the  Acoustical  Society  of 
America,  Jan  1964. 
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Application  of  this  theory  has  resulted  in  the  development  of  several 
dlffereot  types  of  nixing  nozzles,  such  as  those  presently  being  used  on 
sosw  Douglas  DC-6  and  Boeing  707  aircraft.  These  configurations  are  suc¬ 
cessful  from  as  acouatle  standpoint,  but  they  ere  generally  accompanied 
by  losses  in  performance  as  well  es  by  weight  penalties.  An  option®  con¬ 
figuration  would  be  on*  in  which  the  rapid  growth  of  the  turbulent  ttix- 
ing  region  occurred  naturally  as  a  byprod>v'  cf  the  a-i.iai  expansion  pro¬ 
cess  of  tbs  exhaust  system,  rather  than  being  forced  to  occur.  The  teats 
previously  described  indicate  that  a  properly  designed  elector  night  pro¬ 
vide  this  type  of  nixing  since  the  ejector  did  produce  considerable  uoiae 
attenuation. 

To  proceed  with  Dr.  Powell's  hypothesis,  an  investigation  was  under¬ 
taken  by  PtUA  to  examine  the  rate  of  growth  of  the  turbulent  nixing  region 
eaaocleted  with  the  J58  turbojet  engine-ejector  exhaust  system.  A  means 
by  which  the  gee  flow  could  be  visualized  was  needed;  for  thle  reason  the 
hydraulic  analogy  of  tbs  watar  cable  was  used. 

Cross  sections  of  the  J58  snglne  were  tested  on  the  water  table  with 
and  without  the  blow-in  door  ejector.  It  was  observed  that  the  flow 
patterns  with  the  ejector  in  place  and  with  tertiary  flow  were  altogether 
different  from  those  in  which  the  engine  exhausted  to  ambient  atmosphere. 
The  military  power  J58  water  table  teat  depicted  In  figure  21  shows  that 
with  no  ejector  the  vortices  generated  at  the  lip  of  the  primary  nozzle 
are  small  and,  tharefore,  laave  at  a  high  rotation  velocity.  The  width 
of  cha  turbulent  adding  region  is  relatively  narrow  and  diverges  from  the 
canterline  of  the  engine.  This  indicates  a  large  potential  cone  of  high 
fraquency  noise.  Figure  21  also  shows  tha  same  englt.e  setting  with  the 
ejector  installed  end  with  tertiary  flow.  Because  of  the  convergence 
toward  the  centerline,  the  vortices  are  larger,  the  width  of  the  turbulent 
mixing  region  la  wider,  end  the  potential  cone  la  much  shorter.  These 
are  the  theoretical  characteristics  that  should  produce  lower  frequency >  - 
lees  objsctionsbls  jet  exhaust  - - 


WITH  *JICTO« 

Figure  21.  Water  Table  Teat  of  J58  Exhaust 
System 
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Rasulta  of  additional  water  table  tetca  with  other  nozzle  and  ejector 
configurations  also  showed  chat  the  rata  of  growtn  ot  the  nixing  region 
wee  greatly  increased  by  the  application  of  the  blow-in  doer  ejector 
configuration.  Because  the  installed  J53  engine  employs  the  blow-in 
door  ajector  in  it#  normal  exhaust  «y«t»*  (as  dees  the  JTF1?  engine), 
the  associated  noise  reduction  Is  obtained  with  no  performance  or  weight 
penal t lee. 

Model  testing  and  full-scale  engine  testing  programs  were  conducted 
by  P4WA  to  validate  the  above  observations.  The  l/i4-scs.'.e  J56  turbojet- 
ejector  model,  which  was  constructed  and  tested  during  contract  Phase  II-B*, 
was  modified  at  the  FRDC  and  retested  in  the  PfcWA  anecholc  chamber  at 
East  Hartford,  Connecticut.  Hoalf lcatlona  were  made  to  allow  test  lng  at 
higher  jet  velocities  and  to  allow  for  secondary  air  (under  pressure)  to 
be  Introduced  through  an  annulus  around  the  primary  nozzle  to  promote  mix¬ 
ing  of  the  primary  and  tertiary  airatraaaa.  Geometric  modifications  were 
made  aa  dictated  by  the  reaulta  of  the  water  table.  A  3  db  reduction 
In  perceived  noise  was  measured.  Somewhat  larger  values  of  attenuation 
were  acquired  with  full-scale  engine  tests  incorporating  similar  ejector 
geometry,  as  previously  discussed. 

All  ejector  design  characteristics  contributing  to  noise  suppression 
have  not  yet  been  isolated.  Therefore,  while  tests  conducted  during 
Phase  II-C  of  the  SST  engine  development  program  show  that  a  4  PNdb  Im¬ 
provement  can  now  be  achieved,  continuation  of  the  program  Is  planned  for 
Phase  III  to  develop  detail  design  characteristics. 

4.  Jet  Noise  Suppressors 

a.  Teat  Data 

Tests  conducted  by  P4WA  of  the  noise  attenuation  resultlnafrom  let - 

'noise  suppressors  In  current  commercial  use  indicate  that  a  maximum 
reduction  of  6  PMdb  is  obtained.  Peak  PNdb  on  a  line  200  ft  from  and 
parallel  to  the.  engine  centerline  Is  shown  In  figure  22  as  a  function  of 
relative  exhaust  velocity  for  P4WA  engine  models  JT3C  and  JT4A.  With 
each  model,  suppressor  efficiency  improves  with  Increased  relative  exhaust 
velocity.  Static  thrust  reduction  amounted  to  3  to  4Z. 

An  extensive  Investigation  of  potential  noise  suppressor  designs  for 
the  JTP17  engine  has  been  initiated  by  P6WA  and  is  being  conducted  through 
model  teats  in  the  East  Hartford  anecholc  chamber.  Designs  evaluated 
during  the  Initial  phase  of  this  program  are  Illustrated  in  figure  23 
and  identified  below. 

1.  Near  row  (left  to  right): 

«.  conventional  nozzle 

b.  conventional  nozzle 

c.  4-lobe;  50%  penetration**;  medium  length  lobes 
i.  6-lobe;  75%  penetration;  long  length  lobes. 

*cf.  Phase  1 I— B ;  Pinal  Report  -  Item  8 

*"*Duc c  annulus  ares  remains  constant,  but  minimum  radial  clearance  between 
the  duct  nozzle  and  primary  has  been  reduced  to  50%  of  Its  original  value. 
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Kiddle  rov  (left  co  right): 


4- lobe;  501  penetration;  long  length  lobe* 

-  6- lobe ;  SOX  penetration;  long  length  lobe* 

.  4-lobe;  7SX  penetration;  long  length  lobe* 

.  'j-iob« ;  SOX  penetration;  short  length  lobes 

J.  Far  row  Cleft  to  right): 

n.  12  flep  sawtooth  nozzle;  long  length 

l.  6  flep  sawtooth  nozzle;  long  length 

c.  12  flep  eevtooth  nozzle;  abort  length 

d.  6  flep  eevtooth  nozzle;  ehort  length. 
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Figure  22.  Suppreeeor  Noise  Reduction 
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Figure  23.  Scale  Model  Noise  Suppression 
Nozzle* 
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Closeup  views  of  lobed  and  sawtooth  designs  are  shown  in  figures  24  and  25. 

Each  of  these  designs  incorporates  features  to  provide  varying  degrees 
of  mixing  between  the  tertiary  air  entering  the  reverser-auppresaor  blow- 
in  doors  and  the  duct  exhauat  gas.  Several  factors  indicate  chat  suppress¬ 
ors  should  be  located  here  rather  than  the  primary— noztLer _ —  - 


1.  Due  to  the  existing  variable  duct  nozzle  geometry,  potential  is 
provided  here  for  retraction  of  suppressors  during  cruise  to 
improve  nozzle  performance  with  minimum  additional  mechanical 
complexity  and  weight. 

2.  During  augmented  power  operation,  noise  produced  by  the  duct 
exhaust  gas  domiuates  that  produced  by  the  primary  stream.  Reduc¬ 
tion  of  this  noise  source  will  provide  a  greater  benefit  in  the 
reduction  of  total  engine  noiae  for  this  reason, 

3.  During  nonaugmented  power  operation  (normal  schedule),  duct  burn¬ 
ing  can  be  used  to  increase  the  noise  level  of  the  duct  exhaust 
gas  and  reduce  that  of  the  primary.  This  produces  a  situation 
similar  to  that  described  in  item  2,  above,  while  also  providing 
the  noise  benefits  described  in  paragraph  C.5. 
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Figure  24.  Suppressor  Model  6  Lobe;  502 
Penetration  -  Long  Length 


Figure  25.  Suppressor  Model  12  Flap  Saw¬ 
tooth  Nozzle  -  Short  Length 
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b.  JTP1 7  Engine  Application 

At  maximum  thrust,  the  relative  velocity  of  the  duct  Khaust  will  be 
about  501  greater  then  chat  of  nonaugmented  engines  nov  equipped  with 
suppressors,  thereby  leaking  improved  suppressor  efficiency  possible.  Con¬ 
versely,  with  lap  roved  suppressor  efficiency,  designs  that  exact  smaller 
thrust  penalty  (affect  a  smaller  proportion  of  the  exhaust  stream)  say  be 
u#fd  to  provide  the  attenuation  required. 

Although  Che  technical  feasibility  of  using  a  standard  Cube  or  daisy 
suppressor  for  attenuation  of  jet  noise  has  been  established  in  other 
engine  development  programs,  several  alternative  methods  that  appear 
promising  are  under  review.  Two  possible  designs  in  addition  to  those 
described  above  are  shown  in  figures  26  and  27;  these  designs  may  provide 
noise  attenuation  without  affecting  cruise  performance. 

By  providing  an  irregular  trailing  edge  to  the  cLam3hell  of  che 
ejector,  an  exhaust  nozzle  similar  to  a  standard  multilobed  daisy  sup¬ 
pressor  is  formed  as  shown  in  figure  26a.  The  ejector  position  shown  is 
that  used  for  takeoff.  At  a  Mach  number  of  approximately  1.2,  the  ejector 
assumes  the  position  shown  in  figure  26b,  providing  a  smooth  ejector 
contour  for  optimum  performance  under  conditions  where  engine  noise  sup¬ 
pression  is  not  necessary.  Adjustment  of  the  clamahell  angle  is  obtained 
by  an  actuation  system  thac  is  sensitive  to  the  position  of  the  ejector 
blow-in  doors.  Flexibility  thus  exists  to  adjust  the  clamshells  at  low 
flight  speeds  (and  altitudes)  to  an  angLe  to  provide  the  required  amount 
of  suppression. 

A  second  design  (figure  27)  *1*0  utilircs  the  principles  of  a  standard 
daisy  suppressor  and  is  automatically  removed  from  the  jet  exhaust  path 
at  cruise.  During  acceleration  (M  »  0.12,  approximately),  che  pressure 
differential  across  the  ejector  blow-in  doors  causes  them  to  remain  In  che 
open  position  (figure  27a).  By  providing  a  hinged  guide  plate  and  lobes 
ac  shown  at  the  end  of  the  doors,  tertiary  air  con  be  forced  to  nix  with 
the  exhaust  gas  from  the  high-velocity  fan-duct  stream.  Deep  penetrations 
similar  to  those  provided  by  a  daisy  nozzle  could  be  assured  by  a  series 
of  latches  set  prior  to  takeoff  to  hold  the  doors  in  their  maximum  open 
position.  Because  of  the  extremely  high  velocity  of  the  Ian  duct  exhaust 
at  augmented  power  settings  and  resultant  improvement  in  suppressor  effi¬ 
ciency  (figure  22),  requirements  for  penetration  would  be  smaller  th3n 
that  for  current  commercial  jet  suppressors. 

Under  cruise  conditions,  automatic  closing  of  the  blow-in  doors  would 
uauae  the  tertiary-air  guide  plate  to  retract  and  remove  the  suppressor 
lobes  from  the  path  of  the  exhaust  gases  (figure  27b). 

An  additonal  nozzle  design  that,  with  an  ejector,  has  been  shown  to 
provide  attenuation  of  6  to  8  PNdb  (NACA  TN-4261)  is  illustrated  in  figure 
28.  Either  the  clamahell,  variable  area  duct  nozzle,  or  the  trailing  edge 
of  the  blow-ln  doors  could  be  designed  to  incorporate  this  feature,  which, 
as  described  for  the  previous  two  designs,  would  not  be  detrimental  to 
performance  at  cruise. 
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Figure  26.  Adaptation  of  Claashell  Ejector 
for  Exhaust  Noise  Control 
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Figure  27.  Adaptation  of  Blov-In  Doors  for  FD  16782 

Exhaust  Noise  Control  CIII 


CHI-26 


Prat!  &  Wnttney  aircraft 

rWA  IT  66-100 
Volume  III 


Flipt  Symmetrical 
about  £ 


Reference:  NACA  TN  4261 


Figure  28.  Mixing  Nozzle  With  Ejectoi  FD  16781 
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5.  Operational  Techniques  for  Suppression 

As  shown  in  figure  3  of  Section  II,  under  the  power  conditions  expected 
to  exist  at  power  cutback  following  takeoff,  considerable  mismatch  exists 
between  the  individual  engine  noise  sources.  Improved  matching  of  these 
sources  obtained  through  the  use  of  duct  heating  has  been  shown  analyt¬ 
ically  to  be  beneficial  in  reducing  engine  noise. 

Specifically,  the  operation  of  the  duct  heater  offers  three  potential 
matching  advantages.  First,  by  providing  more  thrust  from  the  fan  duct 
exhaust,  primary  thrust  can  be  reduced  and  the  required  engine  thrust 
still  maintained.  ~Jev 'noise 'produced  by  the  primary  and  duct  jets  can  be 
matched  closely  by  this  method.  Second,  by  reducing  the  primary  thrust 
output,  fan  speed  will  also  be  reduced  with  attendant  reductions  in  noise 
contributed  by  the  fan.  Third,  by  applying  this  technique  during  power 
cutback  after  tskeoff,  the  range  between  fan  speeds  at  this  flight  condi¬ 
tion  and  at  airport  approach  will  be  minimised.  Since  acoustical  liners 
must  be  designed  for  a  limited  range  of  fan  speeds  to  provide  optimum 
noise  attenuation  (shown  as  a  function  of  frequency  in  figure  5),  this 
permits  the  use  of  one  liner  design  under  both  flight  conditions. 

The  results  of  an  analysis  cf  the  noise  attenuation  value  of  this 
technique  for  typical  flight  conditions  following  power  cvtoack  at  take¬ 
off  are  shown  in  rigure  29.  Reductions  in  rotor  speed  that  were  acquired 
through  reduced  primary  fuel  flow  (from  about  6140  to  5700)  are  reflected 
in  the  use  of  13  db  fan  noise  attenuation.  ~nis  would  resuit  if  acoustical 
liners  used  in  the  fan  duct  were  designed  for  fan  speed  at  airport  approach 
(15  db  attenuation  at  about  5450  rpm) .  Under  this  mede  of  operation,  total 
engine  r.oise  has  been  reduced  by  5  PNdb  at  a  duct  fuel /air  ratio  of  approxi¬ 
mately  0.005. 


Pratt  *  Whitney  Aircraft 
PHA  PP  66-100 
Volume  111 


0  C.OQ2  0.004  0.006  0.008  0.010  0.012  0.014  0.016 

FUEL/ AIR  RATIO 


Figure  29.  Typical  Reduction  in  Total  Engine  F 0  1/900 

Noise  With  Duct  Heater  Operation  C11I 

at  Thrust  Cutback  After  Takeoff 

From  these  analyses  it  is  clear  that  duct  heating  will  provide  signif¬ 
icant  noise  Improvement  at  low  thrust  levels  through  reduced  rotor  spsed 
and  improved  matching  of  Jet  noise.  An  optimum  duct  burner  fuel  flow 
schedule  will  be  established  by  actual  engine  tests. 

- rUsiui  will  be  provided  to  permit  duct  heater  operation  at  reduced  gas 

generator  speeds  to  achieve  the  above  results.  Flight  craw  action  will 
permit  duct  heater  operation  to  be  continued  as  the  power  lever  is  de¬ 
creased  below  the  normal  duct  heating  regime.  Duct  fuel  flows  will  be 
scheduled  to  the  level  required  to  obtain  the  desired  noise  reduction. 
Termination  of  duct  heater  operation  in  this  reduced  speed  region  will  be 
accomplished  by  flight  crew  action. 

D.  SUPPRESSOR  DEVELOPMENT  PROGRAM 

1.  Introduction 

This  program  will  be  conducted  simultaneously  in  the  following  three 

areas: 

1.  Fan  design  modifications 

2.  Acoustical  liner  devtlopment 

3.  Exhaust  noise  suppressor  development. 
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Th«  facilities  to  be  used  and  tba  program  requirement*  In  each  of 
theee  ereas  are  described  la  this  section.  ?hi*  development  program 
will  apply  noise  suppression  techniques  of  established  merit  to  the 
fullest  extent  possible  to  the  suppression  of  JTF17  engine  noise, 

2.  Fan  Design  Modifications 

The  effect  of  several  pussibie  fan  design  modifications  will  be 
evaluated  using  the  full-scale  compressor  rig.  The  specific  objectives 
of  this  program  will  be  to  optimise  the  selection  cf  fan  vane  numbers 
and  of  the  spacing  between  the  blades  and  the  vsnes  in  the  first  stage 
of  the  fan.  Additional  programs  will  be  developed  as  required  by  the 
noise  development  program  previously  discussed  (Section  II. B). 

During  the  operation  of  the  fan  rig,  sound  recordings  will  be  made 
using  a  microphone  placed  in  the  airflow  discharge  duct.  This  data 
will  be  analyzed  using  narrow-band  frequency  filters  to  define  the 
amplitude  and  frequency  of  pressure  peaks  generated  by  the  fan. 

Spacing  between  the  first  stage  rotor  and  stator  will  be  altered 
in  small  increments  about  the  value  of  1202  of  blade  chord  length. 

Vane  numbers  will  also  be  varied.  Throughout  this  program,  scund 
recordings  will  be  made  and  the  resultant  analyses  compared.  The 
best  configurations  selected  from  this  program  will  be  verified  In 
full-scale  engine  tests.  The  requirements  of  this  program  are  further 
defined  below.  Sound  measurements  for  each  progr.un  will  be  taken  at 
5  Increments  of  rotor  speed  between  4000  and  5000  rpm,  since  fan  noise 
is  predominant  in  this  speed  range. 

a.  Spacing  of  First-Stage  Rotor/Statcr 

Different  axial  spacing  distances  between  the  first-stage  rotor 
and  stator  will  be  evaluated  with  the  full-scale  fan  rig.  The  spacing 
will  be  varied  from  100  to  1402  of  the  lst-stage  blade  chord  length. 

fc.  Number  of  lst-Stage  Vanos 

Using  the  optimum  ist-stage  rotor/stator  spacing  fron  the  above 
tests,  the  effect  of  varying  the  number  of  lst-stage  vanes  will  be 
evaluated.  Stators  with  sets  of  vanes  with  varying  numbers  from 
92  to  100  will  be  tested. 

c.  Number  of  2nd-Staga  Vanes 

With  the  design  of  the  first  stage  determined  from  the  above  tests, 
the  number  of  2nd-stage  vanes  will  be  varied  between  <52  and  160, 
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3.  Acoustical  Usar  Savslop— at 

This  program  will  be  divided  into  two  separate  studies.  In  the 
first,  the  selection  and  development  of  acoustical  liner  materials 
will  be  conducted  with  an  impedance  tube.  In  the  second,  the  fitting 
of  the  aelected  material  to  the  engine  duct  in  segments  that  provide 
the  most  effective  suppression  of  fsn-genersted  noise  will  be  conducted 
in  full-scale  engine  tent*. 

The  exact  properties  of  a  sound  and  the  .round's  environment  must 
be  accurately  known  to  provide  an  optimum  acoustical  absorber  design. 
These  properties  Include  the  sound's  frequency  and  amplitude  as  well 
?s  gas  flow  velocity,  temperature,  pressure,  and  density.  *ith  sn 
impedance  tuba,  a  liner  design  can  be  selected  that  will  provide  the 
greatest  amount  cf  sound  absorption  under  s  given  set  of  specific 
conditions . 

The  acoustical  effectiveness  of  a  material  la  stated  in  terms  of 
the  material's  sound  absorption  coefficient,  which  is  Je fined  as  the 
fraction  of  the  incident  sound  energy  absorbed  by  the  material.  The 
impedance  tube  is  one  of  the  most  widely  used  methods  for  obtaining 
absorption  coefficient  data  and  provides  a  relatively  Inexpensive, 
fast,  and  accurate  means  of  selecting  material  with  optimum  sound 
suppression  characteristics. 

The  sound  waves  produced  during  Impedance  tube  tests  are  transmitted 
in  a  direction  normal  to  the  surface  of  the  material  being  tested.  In 
contrast,  a  fan  duct  of  the  JTFI7  engine  will  include  diffuser  sections 
with  walls  that  are  not  parallel  to  the  engine  centerline,  as  wel*  as 
turbulence  Inducers,  burners,  and  other  geometric  conditions  chat  will 
be  dissimilar  to  the  Impedance  tube.  In  addition,  the  noise  introduced 
Into  the  duct  by  the  fan  will  have  a  random  direction.  In  relationship 
to  the  effectiveness  cf  acoustical  liners  in  a  fan  duct,  the  following 
t.’o  conclusions  can  be  made,  which  are  reinforced  by  P&WA  tests  con¬ 
ducted  during  Phase  II  of  _Chfi, SSI  .development  prograe,  -  ■—  —  - 

1.  Although  Impedance  tube  tests  can  be  used  to  select  an 
acoustical  liner  with  optimum  absorption  in  the  frequency 
ranges  of  Interest,  the  amount  of  suppression  that  may  result 
from  the  application  of  this  material  to  a  particular  engine's 
fan  duct  cannot  be  accurately  predicted. 

2.  To  determine  the  amount  of  fan  noise  attenuation  that  can 
be  obtained,  tests  must  be  performed  with  acoustical  liners 
installed  in  the  engine's  fan  duct  (or  an  accurate  rig 
simulation) . 

A  combined  analytical  and  experimental  approach  is  used  with  the 
Impedance  tube  to  find  the  impedance  of  a  liner  configuration  Installed 
in  the  diffusion  duct  of  the  engine.  A  schematic  diagram  oi  the  im¬ 
pedance  tube  aetup  la  shown  in  figure  30.  The  impedance  of  the  test 
sample  is  treated  as  being  in  series  with  the  Impedance  of  the  flowing 
air  behind  the  sample.  The  latter  Impedance  value  may  be  obtained  by 
operating  the  Impedance  tube  without  a  sample.  The  ljpedance  thus 
obtained  may  be  subtracted  from  the  Impedance  obtained  under  flowing 
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coalitions  with  th*  Mflt  in  piece  to  obtain  the  it^edanct  of  the 
test  sample.  the  total  impedance  of  a  liner  configuration  may  be 
obtained  by  adding  the  teat  sample  impedance  to  the  calculated  ca¬ 
pacitance  of  the  cavity  behind  the  sample  which  is  gix'en  by: 

-  lee  cot  (kg  L) 

where: 

p  •  density  of  free  air 

c  ■  acoustic  velocity  of  free  air 

Kg  ■  propagation  constant  defined  by  Kg  -  — 

L  -  thickness  of  air  backing 

u  »  angular  frequency  of  the  incident  sound  »  2^f 


Figure  30.  Schematic  Design  of  Impedance  Tube  FD  16778 

cm 


The  backing  impedance  thus  obtained  is  valid  when  the  sound  is 
either  normally  incident  to  the  facing  surface  or  where  the  air  backing 
is  divided  into  small  cells  by  partitions  (as  would  be  accomplished  by 
using  a  honey comb- type  of  liner  construction). 

The  impedance  tube  will  be  used  in  the  selection  of  both  resonant 
and  nonresonant  acoustical  liners.  As  shown  by  figure  2,  close  agree¬ 
ment  exists  between  analytical  evaluation  and  impedance  tube  tests 
results  for  resonant  materials. 

The  second  phase  of  this  program  will  consist  of  installed  acous¬ 
tical  liner  tests.  The  objectives  of  this  program  will  be  to: 

1.  Verify  the  results  of  the  liner  selection  program 

2.  Determ.  \e  optimum  liner  locations 

3.  Measure  fan  noise  transmitted  through  the  fan  duct 
with  the  liners  installed. 
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With  regard  Co  the  first  objective.,  circw»f#r^r»M*)  !tner  selec¬ 
tions  of  short  exial  length  will  be  fitted  to  the  fan  duct  just  down¬ 
stream  of  the  fen.  Several  sections  thee  provided  different  amounts 
of  absorption  In  Impedance  tube  tests  will  be  compared  for  attenuation 
capabilities.  Further  comparison  to  impedance  tube  results  will  pro¬ 
vide  verification  that  the  optimum  liner  selection  has  been  made. 

Optimum  litter  locations  will  be  determined  by  measuring  the  atten¬ 
uation  of  fan  noise  during  engine  tests.  Small  sections  of  liners  will 
be  placed  and  evaluated  at  such  locations  as: 

1.  The  diffuser  flowaplftter 

2.  The  eight  radial  engine  supports  in  the  duct  diffuser 

3.  The  section  of  the  duct  just  prior  to  the  duct  burners. 

Three  advantages  are  expected  from  this  procedure.  First,  liners 
will  be  located  In  the  final  design  only  in  the  places  where  substantial 
suppression  results.  Second,  it  is  expected  that  minor  fan  duct  contour 
changes  that  can  be  incorporated  early  into  the  engine  design  may  be 
suggested  through  this  program  of  sequential  changes.  Third,  the  effect 
of  each  liner  section  upon  the  adjacent  section  car.  be  checked.  For 
example,  a  liner  section  located  just  downstream  of  the  fan  discharge 
will  provide  some  suppression  of  fa.i  noise.  The  exact  amount  of  sup¬ 
pression  that  will  result  is  not  now  known  and  must  be  determined 
through  actual  engine  test.  Due  to  the  sensitivity  of  liner  design 
to  sound  intensity,  the  next  liner  section  must  be  designed  to  the 
exact  conditions  in  its  area.  Thus,  the  design  and  check  of  liner 
sections  most  be  performed  in  stages  progressing  downstream  from  the 
fan  discharge.  All  of  this  activity  will  be  fully  evaluated  during 
full-scale  engine  tests. 

4.  Exhaust  Noise  Suppressor  Development 

Analytical  methods  for  the  evaluation  of  the  effect  of  exhort  cystea 
- ^COwetXlCttl  changes  on  the  exhaust  gas  noise  do  not  exist.  All  develop¬ 
ment  work  on  exhaust  noise  suppression  devices  is  therefore  limited  to 
the  use  of  modela  or  full-scale  engine  tests. 

Suppressor  configurations  that  may  be  used  on  the  JTF17  engine  were 
previously  discussed  in  this  section.  Design  and  development  work  aimed 
at  obtaining  optimum  attenuation  will  be  conducted  on  the  outdoor  model 
test  facility  shown  in  figure  8  of  Section  II.  This  facility  will  also 
be  uped  to  evaluate  the  effect  of  the  various  operational  techniques  dis¬ 
cussed.  Models  of  the  ejector  system  will  be  constructed  and  tested  on 
this  facility. 

Sound  recordings  taken  during  these  tests  will  be  subjected  to  one- 
third  octave  band  filter  analysis  and  compared  to  tests  of  models  with¬ 
out  suppression  devices. 

Full-scale  engine  tests  will  be  used  to  provide  final  evaluation  of 
the  attenuation  provided  by  the  most  effective  suppression  devices  found 
in  the  model  test  program. 
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